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eOM-Ml-SS-IONER lisgH 




laSiaal 98-049136 
lagl^JH 1998/11/16 

H01L 27/08 

mgo| gggg] SEMICONDUCTOR DEVICE AND MANUFACTURING METHOD THEREOF 

[^SSill Dl^dlAI EOPI 7i^h\J}\D\0\Ai 
ISSSiJI Mitsubishi Denki Kabushiki Kaisha 

[MSI 21 3 HI JP003773 

l^±] £1L£ X\S.a^ Dh¥t^W 2SD1I 2-3 

[^^1 JP 

[CHiieJSHl K010 
[asfbjSl 02-764-8855 
[^Sasl 110-350 

[^^1 AHS^^AI gUe 114-31. AHS^S 

K182 

[ a Si 02-764-8855 
110-350 

i^±] Aie^^Ai sus 114-31, Ais^g 

tCHaiEiMHl A368 
[asFSs] 02-764-8855 
(^SSJsl 110-350 

i^±] Aig^^Ai m^=? sus 114-31. Aie^g 

[SS^Sl SAYAMA, Hirokazu 

l^±] SlilEE XlfiQq? Dh^t^W 2SD1I 2-3 

Di^biAi si:)! :l^¥Al7Jl:'^olA^ lh 

[^SaSl UAIQ D^A^2 
ISe^S] NISHIDA, Masao 

[^4:1 XlfiQ^ DFSL^ojq 2S(}j| 2-3 

oi^biAi Eo:)! :'^^Al7Jl;'^olA^ lh 

[^si] JP 



^^^^ 



jp 

fiSlfflsl 98-79106 
MS^XH 1998.03.26 

imm mm^ »i4252i ^?§oii 21 ©km 

CH£I2] 



(2J) 
{21) 
(21) 

mua. 

(21) 
(21) 
(21) 



[:)i^s§!S] 20 a 

55 e 

[^ida^ssi 1 a 

[^A^S^S] 3 s 

imj\n 315,000 m 
im^k\m 1 

2 



29,000 
55,000 
26,000 
205,000 



fi^AH, SAIAH(^ £3) 2| ie 
ftg!A-| fi^A-1, SAHIAHCai 

3. S a^S) 2j IS 

4. gsAi# ^ e ffl^s 2t 1 

5. ^A^lA^ a^ is 



SEe)» fd^^ is 



f 




^xj-^ofl 13^^ til ^(Bird's Beak) (8, 18)7} ^^^5]ol ^rf. Jl^<a- 

TllolE ^^(9)^ >^-l^<a- TllolE ^^(I9):a.x:l-S. TflolE ^cl7> #711 ^ 

^^7l nfl^ofl, Tll^lH ^<^^ t]:<^Mi «1^ til37l- ^Hsl-^ til^^ ;^-l^ov 4^7:} L 
oll>^i^ ^^^^ H-^l^lfe ^r}., o] ufl^ofl, Jl^^ ^^1- HolMi^ vfl^^-o] 

^Jl ^^1(MB§) 'i:^7> ^^]^o] ^^ol ^^:gcl-. SE^, x^^o^ ^x} id]] 

^-^ ^^<^1 ^'^l^ -^^51 JL^^7} ^^^cf. 

£ 1 



1 



s. 10^ :£ 1^1 ^^1^ 

S. 11^ :£ 1^ ^^1^ ^]2i ^^5.. 

£ 12^ m ^^1^ ^^s. 

S. 13^ £ 12^ ^^1^1 ^12: 
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£ 17^ :£ 1651 ^^1^ :^]2i 



20^ 



22^ 5. 21^ ^^1^ ^IS 



23^ 



21^ ^^1^ 



24i 



2151 ^^1^1 ^>g. 



25^ :£ 21^1 ^^l^l 



26^ S 21^1 ^^1^1 >112: 



28^ ^17 ^Eflo) 13^^^ 



S 29^ ^17 ^Bflo^ w^i^^ :£Al^ 



30^ ^17 ^ A] ^ BflSl ^J-^]5l 4^ «o^^^ SA]^ 

31^ ^17 ^Efloi cf^ «c}-^^ :£Al^ 



32^ ;^18 ^Eflsl ^^1^ 



£ 33^ £ 32^1 ^^1^1 ;H12: ^^j:£. 



£ 34^ S. 32^1 ^^l^l 



35^ S. 32^1 ^^l^l ;^ls 



36^ ^19 ^Bflo^ ^^1^1 
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£ 37^ £ 36^ ^^1^ ^12: 

38^ ^BflO^ ^^1^ 

S. 39^ H 385] ;g-^l5] 

S. 42^ 41S] ^^15] 

H 43^ S 41^ ^^1^ ^IS ^^S.. 

£ 44fe :£ 41^ ^^15] 

£ 45^ 41^ ^^1^ 

46^ ^ 41^ ^^1^ ^12: 

£ 47^ :£ 412] ^^is] 

1 : ti>£^ 71:53: 

2, 12 : €(^ll '^^) 

3, 13 : ^^(^12 '^^) 

4, 14 : 

7, 17 : Tflc^le ^o^nv 

9, 19 : TflojE 

■87-18 

10. 20 : ^[^(^ ^■^) 




11, 21 : :e.b)1o1 ^^(^ 
25, 26 : £^ 

30, 36 : ^^^}<^]^ %^C^^^ ^^##) 
51, 52 : ^9^^- 
53 : ^^^^ 

L : ^^""^ 4i^1-(^ll^^ ^^1-) 
H : ^^1-(^12^^ 
[^^^ ^Ml^ 

MOS E^T^i^^Bj* v]-^ ^til^m LSI ^S^l 9Xo]^^. MOS 

DRAM^ >i5i)- ^S.ci\], 711 ojE ^"a-ol 2^^^ MOS :^^^]^b11- 

TllolJE ^oj-o] oi7}:^rf. 

:£ 40^ oj^Jf TllolE ^oi-ol 2f^^^ MOS :^^^l>hEll- ^tilS]-^ 

5 



f^Efls] «]:5-^ ^^l^l <^^11- SA]^ O]^ 151)011 

£^ MOS J^^^lr^iE^olji, z]-z]-o. «>j£^ 71:^(71) ^-S.^oll ^^^^ 

^^^] 7l^a:(71) ^-S-^ofl^ ^(72, 82)^^1 ^e|^(76) A>o]oi] 

^7]^^ 4i>^> H, L^l ^^S. ^c>l^t:i.. ^(72, 82)^ =L ^<y. 

«-# A>oloil :^j7 n^Sl ^^(73, 83)cil -^^^^S 

^'y-^ ^Hlfe TllolM ^^^H77. 87)0] z]-z]- ^>^^S|J1, urn: ^^flfe TllojE 
(79, 89)ol ^^^3£lol 9X^. ^^^(73)^ i^#^oil^ ^^(80) 

^ ^^(81)ol n}^7}y^]^ • H.3ll<?I <^^(83)^ ii#Tgoil^ 

^-^(90) ^ ^5I1?1 ^^(91)0] ^^^o] ojnf. 

^(77)ofl^ ^^^^J- ^7]. Lofl^i :a-t:fiE ^^17> ^7>^x:]-. TjlojE ^<a^i-(77) 

^ o] JL^^M ^r^Jl, 7\]^7} ^;^l<q- 7J-^ ^v- ;gAl(|g^) ^5^* 

^ ^ ^^1^ ^ja-7> ^4. ^-1^'^- ^^^1- TijoiM ^ 

^^(87)ollAife, <?]7>E)^ ^;^]7> ^71 nfl^oil TflolM ^o^«]-(77) ^^Tll ^ 
^^-^--^^l-(15r)ol"c^]^-s.-^-DRAMol-J^ 



TljolE ^o^^Vo] nv^ 

77)21- -^^t!: ¥^1^ ^7] nfl^oil, ^gA] ^^1- Q^;^!^^ ^ t^^* 

:e.^sr>fe n^]^ ^-S. <^1>S--^S. <:^-B-« ^-^ cfl^A^^ ^ 

^j-^1(151)o1lA-lfe ^ ^aj-ol cy:^s|-o^ ^^^l^^l ^fei:^-^ 9X 

^^1^^, ^^1(151)7> DRAM-^SA] =?-^^ ^-f cl-uie^-, rfs. 

^A>ol:^(Duai Oxide)j ^oje^- ^-^^^ ^^1(152)7]- >Hm5]c>l o^cf. ^^](l52)o]l>>«i 
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^^-1 S 42^ ^^o] ^, aVs^ 7]^ai)<=>] ^^]^ ^, ^ 

^^^oll ^El^(76) ^ €(72, 82)<^1 €(72, 82)^ 4i^> ^ 

S. 43<^1 ^^1, 71:^(71) -91^ ^-S-^, ^ €(72, 82)^ 

^<^1, 93^ 7ll^Al7lJi, ^o^B]- 94# <a^^o.s. ^>5^1^1(95)7> 

S. 4501] 5-^1^ ^o], ^Hl^l(95)^ ^Hl^l^l ^ €9^^^ 93 

^Hi si^^x:]-. ^3^, ^<^^ 930] ^^^-ix]^ 

^9^^ 94fe €2fl^ ^fet:}. £ 463^1- £ 47^11 SL^]^ ^}^- ^o] , ^>:^H 

(95)7> ^]7]^ ^, TllojE ^^(79, 89)^1 ^'a^H93, 94) ^Hl 4^ 

'^S^^^l^V, 7)1 ojE ^^(79, 89)^ 7:>3^1^^ §H 

- 83)o1r €(727 82)^ "StF, -4£Zi-^^(80) - 

^ ^^o] ^^(81)«^1 rt^.J^Sflol c^m73)^ TflolE ^^(79)^ 
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^}o]6]] ^^^^cf. nfif ^A]oii, ^-^(90) ^ ^^91 ^^(91)0] ^ 

:^'B.^]ol <^^(83)2^ ic#^ Tfl^lE ^^(89)# A>oloil ^^^^rf. 

^^11- ^fe ^^-5.5. ^Jl, SE^ o] H>£^1 ^^1^ ;^12:CH1 aj^ 

^11 ^^Ife 7149:011 ^#ol^ :^^]6\] ox 

^>^i, 7l^ol ^^^^ fl-^sl-ul, >8-7l Zl-Zl-^ ^T-71 

^oflA-l o.^ ii#el-:£^ ^7] r^^T^ 7]^c;\] ^^^£lol ^fe £^ 

«>:£^1 ^^4, ^7l >Hll ^}o]6\] ^JL ^^7] ^^^d\]A^ 

^S. ^m-^}^^, ^Blsl-c^ -^>7l 7]^6\] O.^ ^^^Slol ^] 

2 S.^ ^^1^1 th^o] «]-£^l ^1-71 m ^S.^ <^^ol M#S>fe ^ ^ 

oil tifl^m TllolS ^«a^l-2l-. ^^7l TflolJE ^^^HHl Hfl^m TllolE ^til;^ 
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2£O.S. tg-^toll rtl-s. ^jojE ^-^o^ 7^o]o] 7]]olE ^ol7l- 

^"^^^ «J=«fl ^^S}^ ^^^(i^MlfB)^ al3.(Bird's Beak) 

-iro] >^J-7l -^^71 ;^ll2^o1lAi ^7\] 9X^. 

m ^^Hl 9X^^^, ^-^^ db;<> z]- 

Jl, Ais. ^el^ ^12 ^-^^ ^^(extension) ^wl^V^^, 

Sfl ^^o^ ^>7l ^12 ^^ofl ti]^ ^-1^71- c-l^i-f 

^13 ^11 ^5-^ ^^Hl ^^7] 7112 

^ <^^ol AJ.7I ^v^o^ tti^ «]^oi 7-i:f-» z]-z]- gji o;[c1-. 

^^1-4-^^ 21 ^^^m- ;H1 l-tfl;^1- o1:^-^-^Tg oi-a>2:^- -^J-^1 ofl ^olAf- 

^71 til#o1 >^7l ^12^011 Sio1>«>i 100%«^lT^. 
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^15 ^J-^lfe ^11 vfl;^] ^14 c>]i^ ^ ^^d] ti>:£^ ;g.^|ofl o^o^Ai, 

^Vo^ ti^^ til^o] ^1-7] 71:^51 ^^ofl^i ^^A^O.^ 

^16 ^^Ife tfl^l ^15 ^ ft ^^^]o\] 9X'^^^, 

^7] ^^9] ^^o] v^#£l^ r^o] ^1-71 ^11 ^ ;*fl2^^ ^'^IS ^ 

m ^J-^lfe ifl^l ^16 ^ ^ ^<^Ai, 

^18 ^^21 ^^Ife Till ifl;^l ^17 ^ ^ ^^1<^1 ^o^a^, 

m ^IS ^^1^ «o^^«^l Sl<>l'^i, (a) ^-S-^^ 

-^^^^ (b) ^1-7] ^^^^Voll ^^^^m (c) ^1-71 
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^o^^i- si 2^*1-^ (d) ^7] s.^^^ T^s.^ 

1- ^^^S.^, >S-7l ^^^^ tcj-^ Z^-Z^-oll 7flo]m ^^^^T-ZL, 

711 ojM ^'^l^V #o>xl£^ ^7] ^11 S.^ ^1-71 ;^l7l* ^ej-fe 

(e) ^^-g- ^ell- ^^^^>«1, >^T-7l oJo^Ai ^^71 711 

^^Oll 1^451^1 >^l-7l ^O^^ :f^^^ai). ^Aloll, >^l-7l 7flolE 

7llx:f7> >a-7l ^^^ife 7llolE wl-s. c^l-ifl^ ^oflA-l 

^V7l ^V^o] ^3)3.7} ^^ol ^jOT^, ^7] 711 ojM ^> 

-^7] ^6)1^-1 ^7] B]^ ^]3.7} ^}^]^-^ ^l^o] ^7] ^1 l^ja^f 

S. '8-71 ^12^<^1 ^<^^i ^'^V^li^^ ^71 <l«V-§- (f) 

£ ^1-71 (d)je.l=1-£ ^<^1, ^1-71 Til 01 E ^1-3^1^^ ^O^S ^^^S. 

cl-g-^l-C^ ;H12 £^ ^^^1 ^7] ^^^oll ^^^O.S 

^V7l 4^S1 Z]-Zl-oll o;(olA-l ^71 Tllol^ W].^ 0>2l]0ll ^X^A^S] ^7] 
<S^o] i^#£l^ A>olo]l ^71 ^^^O.^ 

— — -^«1110-^-^"-Sl-^l-5:-«^-^-^-;ql9--^-^-sl-«V-^^^ 

^7l (d):at:f£ ^ol], A^7] (e)i4:£ TljolS 
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(f)^1 Xi^^^i ^^71 711 ^1-I^l^S.Ai o]-g.§><i^ >^l-7l l-^^o^ 

S'a*^! ^«il^lJl, li^<^l -3-71 ;H12 *^^ol ^1-71 ^o^^o] 

Tfl^ ^^Hl ^^^o.^ ^-^^^1=1-. 

^112 ^IS 'S-^^ ^19 tfl^l ;*llll ^ o]2^ ^ ^1 

Si «ol-^<Hl >^7l (e)oll ^o^Ai ^1-71 ul^ol ^V7l ^]2^c>\] o^o^A-l 100% 

7> ^7] lOV-g- ^2l7> ^^^q-. 

^113 ^12: P(119 i^;^l ^112 ^ o^Jb^ t!: ^^2^ ^] 

S ^^'^'^1 ^<>1^i, (h) ^1-71 (d)^rf5. ^ofl, >^i-7l (e):e.4S ^ofl, 

7l TllolM ^-^^ ^1-5|H^A-1 o]-g-s:H ^^^ofl ^^fl^ O.^ 

^ ^^oii^i ^^^^^ ^^§1-^ £^ <^^^ -a-71 

wVi^] 71^611 jo^ ^^^^^ -g^^^ C-l ^til^t:!-. 

^114 >H19 tfl^l ^113 oli^ ^igo^ a]-3E^l ;3-^l 

Si ^>^oil (i) -a-71 (e):e.cl-:£ ^<^1. >^7i (nM.t^^^<^], >s- 
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^115 ^is i^^l ^113 ^ ^^1 ^1 

2: ^j-i^o]] ^^^i, (i) ^7] "S-^ (e)^^£ ^1-71 (f):at:f:£ ^011. ^ 

71 711 OjE ^Hl^lSA-l ol^§l-0^ 6\]^^ ^^7] ^^O] <^ 

^ ^^*H1 ^'>l^i ^1-71 ^<^^^ ^^^^^ ^^^^s ^i:Hl-5|-sl-fe 

^116 ^IS /^19 vH^l ^113 ^ oli^ ^ ttVs^ ^g-i^ 

°11 ^^-^i, (i) (e):atq-£ ^>7l (f):ax:l-£ ^o\], ^7] ^ 

^12-S ^ th^^ ^<^1 ^^^-^^ ^1-71 711 01 E ^>3^1^^Ai <^1-S-^M 

•^l^* -^71 ^<g^5l -^^^ ^^^o.^ ^171*1-^ u-l 

^117 ^IS ifl^l >Hll3 ^ oli^ ^ ^IS «^ 

'^^l 9X^^^, (i) >8-7l (e)^^S. ^o\], ^7] ?\]o]M ^Hl^S. 

A-1 ol-g-Sl-ol ^^fl^ ofl^l^ *3^0.^>«i >a-7l ^^l-oflAl ^71 ^^^21 

^^^^ -f^^ ^^^0.5. «i-^v^§>^ (j) ^71 (i):a.t:l-£ ^<^1, 

^1-71 (f)iicl-s. ^ofl, ^1-71 ;«lll ^ ^12^ ^ ^oil ^^^jo.^ 7II0I 

-Jg.-^^-^ -^Hl ^SAi-Ol--g-.el-Ol--^-^-^-o)l-^1-^_^^ 

^^^^^ ^l7ls>^ c-l ^tii^ci-. 
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^^O.^-^! ^>7l ^^^^^ ^171§>^ (j) ^7] 

^119 x|]9 vfl;<l ;^118 ^ o^i^ ^ ^igo^ ^H] 

S «^^<^1 ^^^i, (k) ^7] (e):e.rf£ ^ofl ^1-71 ^ ^ 

^S. ^<^1 ^o^Ai >^l-7l ^^5^ ;^12 «g«o] ^>7^1^<:>> ^ >^V7] ^A^^l 

^Hl ^Si^ (1) ^^7] (f) ^ (k) ^ 

^ ^^J^m cl ^til^t:]-. 

^120 ^12: wj-^^ ^19 i^^l ^119 ^ o^i^ ^S.^ ^1 

<1. ^Bfl> 

<1-1. ^^1^ n^^^^ -&^> 
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1^ ^11 ^A] ^Eflo] til-^^] ^^£014 . o] ^^1(101)^ 

7>5lfe ^i^^ 41^1- LO] ^^Sl 71^(1)011 ^^Ol^t:f. o]^^ <^M^^^ 

^S.^ 71:^(1)^ tfli6ilS.Ai ^Hl^ 7]^o]t\.^ ^ ^7}^ s.^ MOS M^^liB)o] 
JL, Z]-Z]-^ ^A^<:>fl ^^^5)T^, ^e|^ T^^^S]^ ^ 

^5-^ 71:^(1) ^^^oll^ ^^]. ^sl^(6) A-|-o]ofl, ^p,} H, LSI Z]-Z]- 

^1 ^^S'^^ ^^<^1 p^^ €(2. 12)0] 2^2]- ^^^^o] ^irf. ^(2)21 

'^l^ ^>^7>xls., €(12)^ n A>cloil :=j7, n 

13)^ €(2, W^^S. -tfTl] 

4i^> H^l ^t}^ €(2)^ ^, "Q:^^ 2711^ 

<^^(3) A>o]oil ^71^:)^ €(2)^ ^^Ife Tllolje ^^^(7)<^1 

ojE ^^^H?)^ A>olofl 2711^ <^^(3) A]-o]o11 ^7^^:51 ^(2) 

^ ic#i^oi] i:flej:s:l-j7 o;[i:f. 27l)^ • JB^H^l <^^(3)^ 

(10) ^ ^^11^ ^^(11)«^1 44 ^^^^ ^4. 

-^r "4i4"-H— t^— l-i:fnn^fl^-^-:S]- "MOS" S-^^l^Fj-^-Ai-^A^-sj-jI- -3?^ 

(^(i) ; 10. 20)ii|- ^^91 ^^(^ ; 11, 21) A>o]oi] ^oj.(:^5floi ^ 
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<a-)ol ol7].^ >a-Bj]ollA^ Tfloj^ ^-^(9, 19)-^S. ^7>£l^ ^cj-(7)]olM ^^^^ ^ 
^^(10, 20)3\ ^^o] ^^(11, 21) A>ol^ z]-z]- ^ ;^ 

■^(^ello] 3.7l7> x«llol:gcf. ^^.:e.s)1o1 <g^(3, 13) a>o]oii z]-2]- ^t)^^ 

TflolE ^^(9, i9)ofl z]-z]- cfl^tsrVfe ^(2, 12)^ <^^ol z^-z^-o^ 

^^31 Xi^. ^^^^ «]-^ ^^1 Tllol 

M ^^^K7)^oll TllolM ^^(9)0] ^d\] .gXj-sj. ^S](«g«>^ o.^^, 

-5- ^5^)# ^^^O.s>«] Zl TllolE ^^(9) ^}S. o>Ello^ «^^ofl 

oid\x\ n # o^«.^«.Ei ^^-f-s ^«fl Aflo] ^.e] 5.0^0.^ iz#s}:E.^, ro^^ 
«l3(Bird's Beak)j ej- ^sfl^x:]-. 

€(2)^ ii#^<^m ^°<^-^# ^><^H1 ^Jl n^5^ *S^(4) ^ 

p^5] 5£^(pocket) *^^(5)ol ^^^OlS. t:-1 ^^^^<^ 9X^. '=§^(4)^ ^ 

(8)^ o>t!ll^ 

^(5)^ iq^o.^^ M]?^ i4il^l ^^cf. *^^(4) ^ '^^(S)^! ^o^Ai 
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SlcH o;^cf. SE^, ^^(5)^ €(2, 12)^4S 1:^^ ^£7]- ^^]^, 

(13). *^^(14), JE^ ^^(15), TllojE ^«a^Hl7), Tll^lE ^^(19), 

18)7> ^<^](S. 1^ ^]^^ 7)lo]E ^^(9, 19)^ W ^^^^B)^ ^ol. 

^)fe 4i^> H, AfojoljAi AiS. 7]Si] ^'U^t^. 

^«J-S1 ai^l- H, Tllols ^^^7, 17)^ ^B]^ 

^^^ElJL, 7]]o]M. ^^(9, 19)^ ^el'^el^o.s. ^^^^sji:^, ^ ^ 

^(10, 11, 20, 21)^ S^KSW)^ SE^ ^^^^ 

(8, 18)'^lAi ^}o]6\] 77\^:\^ TflolH ^c^^a, 17) A^^oj- l 
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7]]o]E ^^^Kl7)ol]Aife TllojE ^^(19) ti>^ 0>Eflo^ f^S] Cfl^^^ 

^1-;^1S"|-S.^, 711 ojE ^'?l^H7)<^l>^i^ 711 ^^(9) 80%# 

7llclE ^^(9)^ TllolM ^o]^ 0.05/im~0.25;umoH , Tllols ^^(ig)o:] 
<^1S ^olfe- ^ 0.1/wm~0.5//m<5lt:f. v]^ «1^(8, 18)£'1 ?i<^l^ 0.02-0.1 

o]^ ^o], Jl^o^ H<>llAi^ Tll^lM ^^(9)^ ^^13^1-^ Til 

tfl-f-^^ ^711 ^^^Slol ^Cl-. o] ufl^oll, Jl^SJ- dli;^!- H<HlAife TllolM ^ 
^(9)^^ "?17>E)^ 711 olE ^^^1 7110] E ^o^^(7)5l ^^7> jLJij.^ 

-^^Hl, TllolM ^^(19)S. °l7l-£]^ 7II0IM ^oVo] u^ji, ^^7> 
711 ^^^^'^ ^-1^"^- ^ ^01, 

^3h5l ^^011 -B-Jls}711 -§-S>^ ^o] 7>^§>rl-. TflolM ^-iJ-oil :arlol 

^ €-S.7> ^fe TllolS ^o^?-K7)«^l ^c>lAi, TllolM ^^(9)^ <^>2floll ^^IsV 

^<^l^i ^ ^1^^ -¥-^<>ll^i^ 7II0IE ^c^^Hi7)^ cfl^ 
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^(95)^ ^^^<el 44)^ Jt^^m -S-^l-^l ^J^^, ^]^^ 

7l^o.^>«l ^1SS>^ ^o] 7}^^t^. ^, ^^1(101)^ ^ 

SE^, <g^(3, 13)^ ^^J- *^^(4, 14)0] ^tils) 

o^, tiiaL(8, 18)^ <^>2fl€- til3.(8, 18)«H1 ^«fl Til 

<^1^ ^^<^1 'S-^ll: ^ Si^, ^^(5. 15)<^1 ^wl^l 

7l nfl^-^l, ^^1 ^^Isr]-^ S32f7> ^c>1^rf. s^, "^^(4. 14)£ ^ 

711 ^^^^ 41.^1 • :=Bll<a 7l^S>7l nfl^ofl ^^1 -^^^ ^^]o\] 7^ ^ 

1=1-. 

<l-2. ^IS 'S-^> 

£ 2~£ 8^ ^^1(101)^ ^IS «o^^* S^ltb ^1^ ^^5^<^li=l-. 

^^1(101)» ^ISSl-^^ :£ 42 ^ :£ 43:2f n>^7H2l -g-^o] ^^^rf. 

£ 2<H1 £Ai^ ^o], HViE^ 7l^(i)oil ^7]. ^el-^(6) ^ €(2, 12)ol 

_ ^-i«-^^o,.s_^.>^^ Sj_^^ _ ^.(2- i-2)s1 -i^#^-S-c>ll -^^ ni.(-5-i- -52) Gl-^vg-:^-4 -^-o^- - 

^(51, 52)^ «l-^^i§}7l]fe ^Sl^ -t>Sl-^-^S ^^^^tzf. 
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^^^^ 4^(53)7} % s]^^cf. ;qi^(53)fe ^\^^ 

^efl^o.^ >]l7l^o.^>«l^ H, L<^1 ^^^E]olo> ^ <^^6il ^<g^ 

(51, 52)-S-'^] 7llo]M ^^(9. 19)«^1 A^]^ ^^(9, 19)^ 

^•a^HSl. 52) ^^y-^-^ll ^^^5]^, -L TflolM ^o]^ TflojE 9<^lAi^ ^JL, 

7)1 ojE 19<^l><.-1fe 3.71] tifl^mt:]-. 

:£ 4<^1 ^\S^ ^o] ^o^^>(51, 52)^ ii*^*:-!! cfl^ 1-^:51- 

^^SVfe ^o] o\^J\^^ TllolE ^^(9, 19)<^1 ^Hl^ ^c>lAi:£ o^i^ 

^£ ^ 14, -Ssfl^ ^^^(51, 52)iix:fS. ^^^^ ^^^H54. 55)*^] 

^^B|-(51, 52)^ ^ 7]1<^1M ^^(9, 19) <^>Efl^ ^ 

^> ^"3^ ^^^-^^ ^^^m. ^^^H54. 55) ^oil^i >ll<^1:^ ^^(9, 

19) o>Efl^ ^^o] ^i-^t!: ""ul^ al^j e}- ^«fl;^lfe ^^o] 

^. 

t:f^oll, :£ 5<^1 ^o], 711 ojE ^^(9, 19)^ 7:^1 ^S. A-] o]-g-s]- 

^^i, 91, €(2. 12) ^^^<i\] ^^^^^ ^^^-^ 

*S^(4. 14)<5l ojnfl, <^^(4, 14)^] ^^^H54, 55)^ 
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S.^ ^^^(5, 15)0] ^^^^cf. o]ul^ <^o^(5, 15)0] ^^(4, 14)^ z^- 

^"^^ «]-^^^>7llfe ^±Mr 5keV~20keV^ 2:A> o^luixl, ix 
10'W2~20X10'W^ ^^^^^ ^^^^^'H ^^^1=1-. a, H, Lo] 

^ MOS m^^l>^E]oi ;§ -foilfe s.m ^^(5, 15)^ ^^^^ ^'S^ 
«>^3;] §1-7)1 £^ <?1^ 50keV~100keV^ 2:A> oimx], ix I0^cin"^~20x 

4-S-oll, £. 7^ ^^o] ^^ogr]-. £ 6^ ^^o]^^^ ^01 

(56)S1 ^^1^011 0)1^0] ^Sfl^lJL, =L TflolE ^^(9, 19)0^ ^ 

^^oil A>cl:c^(57, 58)o-| z^-z^- ^A^^gcf. 

S. 8<H1 ^ol, TljolE ^-^(9. 19)5^1- A>olH.^(57, 53) 

^ ^Hl^lS-Ai ol-g-sy^A-i ^'S^-^^'Wl, €(2, 12)^ 

oil d^^i.^eflol «^^(3, 13)<^1 ^}^]^^(i57, 58)^ 
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=1^, ^<a^H54, 55)^1 ^^^^S 7ll^^7> ^^^SlJi, ol 711^-^1- 
^>i-sel1^ ^^(3, 13)^ ^>^<^1 ^^(10, 20) ^ ^^]91 ^^(11, 21)^] 

^^^cf. ^s^, S. lofl ^j-^l(101)7> ^^^^t:]-. ^^T- '^^(4, 14) 

^, S9! ^^(5, 15) ^ 4i^-^sfloI ^^(3, 13)* ^^^^}y] l-^*^ ^ 

^9l^K54, 55)* ^^^^y] ^"^M ^ 

S 2^1 ^^ofl ^^^i, ^ll^(53)S.Ai #5l^el^ol s]^s)o^^ nfl<^lfe, £ 4 
^ ^5l7> ^6)1^ TflojE ^^(9, 19)^ xJi\^ ^Sfe £ 9^ ^o] 

^, -i^S}- ^B^ofl tci-e). ^i]s(53)^ a^, ^ ^ >a-^oll Si<=>1'^i:^ ^ 

^ ^-§-<^l ^^^4. ^ ^^(9. 19)^ vfl^oflfe ^ 

^ Tcfl^^ #Bl^2l^#(96, 98)^1 ^^SV^I^, a^oil ^ol-^i^ ^S]^ 
(97. 99) ol 

^oi #sl^s)^^(96, 98)ol ^<^>;<l7ll ^4. Tflc^lM ^^(9, 19)^ ^7] 

^2fl§l-7ll ^rf. TflolS ^^(9)oll^i^ TllolE ^o]7]- ^>rfl^ 

tt)-e|-Ai, £ 2~£ 4^ o] #el^5l^f^(96. 98)^ ^o>^* Jl^ 

S|.o^ z^-z^-o^ ^2171- f^^^r}, c^l* #1^, £ 2^ ^^oil^ife 7l]S.(53)S.A-ls^ # 

19)^ TflojE ^ol* ^Tfl ^^^V^ #t:l-. BE^, :£ 4^ ^e^oijAife 
-€B1^#(96, 98 ; ^§1, l-el^e]^#(96))^>l ^fj^sj-Tfl ^<^>;^1^1 ^ 
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cfl^^^l, Tflolm ^o]7> TllclM ^^(9)<^1 til 

^o. 7>^s>rf. atb, -€51^ -Jisj-^O?, 99)^, 1-^ £ 82^ ^> 

ol = -i(57, 58)^ ^ITISF^ 3|.;^ofl^-1 A>oi:c^(57, 58)2]- <S;^1§] 7} 

4. nfl^ofl, ^-tV^ ^Sl7> ^S-S)^^ nfloflfe :£ 11011 w>5!l- ^ol 

^2l-#(97, 99)5] ^^^l^ til^Sl ^ol6)i a]^ ^o. ^o.^ 

^, Tflols ^^(9. 19)^ ^^^^ #2l^sl^ #(96, 98)^S ^^^^;^1 
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^rf. o]s.o] ^^^^ a>£^] 7l^(l)oll til^ ^-§-011 cflt!: ^fl^^^^l ^7] nfl 

^<^1 £ 45^ <i^S)- ^elofl ^ol^i ^S^^^^ ^711 ^^l^l-fe 7>^«}1 

^■ ^^^] $X^^^, n'=>]^ ^^(9. 19)^ #^<^lfe S. 9^ n>^7>xls ^Bl^ AVSj. 
#(97, 99)ol ^>as);^lnv_ ^v^oflA-i^ ^5^^(97, 99)^ ^^^^1 ^^1^4. 

n^-el-Ai, £ gofl ^is]-^, #el^el^#(96, 98)^ ^«^>^^ ^s|-£|7ll '='1^^^ 
Tll^im ^^(9. 19)^ Ji^^ «^£l7>xl ^^Ife oisi-o^ ^ ^Al^Bflofl 

<=>]^^^ ^<=>], 101^ #efl 1525^-^ ^>3^1^K95)^ ^^^(S. 

44), ^ ^Hl^(95)» <^l-8-^ ^<a^(95)2l 45)^3. 7]y<]:^] 

^JL 7}^^m-. ^o], ^g-^l 101^ tiling -^^ -g-<^l§>7fl 

<2. ^12 ^Ej)> 

£ 12^ ^12 ^^1 ^tS.^ ^^1^ ^1 ^^1 102^ 

?i\^]^}jL Sii^ffe Si'H^i 101(:£ ^, TflolM 
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100%« ^M§>J1, 0%S. S]ol o;[rf. oj^oi] Tzflsfl, x-l^<y- 4iX> L^] ^ 

3^1-^ TflolE ^«a^Hl7)oilAi^ (101)54 n>;5V7>xlS TflolM 

(19) «^>efl Tfl^^^ ^HS>^ 

'^l ^^i^y ^13.(8, 18)^ ?2<^l7> TflojE ^^(9)51 Tfloj 

E ^ojo^ ol>^l-C.^ E)ol, TflolE ^^(19)^ TljojE ^o]oll Hit}) ^^§1 2)- 

TljolS ^^(9, 19)^q TflolE ^o] ^ 13]^ Ml^(8, 18)51 

^'^1, ^^1 102<^lAife Jl^^a- 41^:1- H<^1 ^S>fe 711 o]:^ ^^(9)^ 

o>sfl ^^IS}^ 711 01 E ^^^H7)S1 <^^ol ^^6)1 Sl-^H.^, 711 olE 

^^^(7)^ ^^1 *S^7> ul^ jL^l-^o.^ ^^mx:^. L-^l^i^ 
^^]aOl)^ ^}%7}^]S. 711 01 E ^^(19)^ w>S. <^>sll<^l ^^1S>^ 711 olm 

(17) ^^21 rfl^^ol ^711 ^>^^i^)ol Si-^H-S., ^ 
^o], ji^ -^zj-o^ ^^ofl -e-jL§>7ll -g-S>^ ^ol 7>^s1-t:l-. 

olSl-oil A-1#S}^ ^Ol, ^^1 102^ ^^1 1515^1- ^1-^7M^ ^^l- 

^ ^^-^ ^^^] ^JL ^]JIL^ ^^t!: 7l^o.^M) ^01 7>^Sl-t:f. 

^, ^^1 102^ ^^1 101^1- X2}^7}?^]S. ^ ^^311. ^^tb ^IS 

Asi-^1 ^ji -^ x:fl4, ^^1 ^^m^ ^ 

;g-^l i02^-^lr-'^^l- •^■EfloiH---'^'^^ -£ -451-^^^- 

5- 13^ ^I^f--^S.>«1 ;^11S 7>^S>t:1-. :£ 1321 ^^c^flAl^ ^^^(51. 52) 
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^^ofloJolAi ^^^^V]., olsq- -^Ajoll, oll-o] -^o. ^^o]E ^^(9_ 

19)oll "^g^*^! ^SJ^^cf. 

^^3)- -^Ajo]] TllolE ^-^(19)21 V>}^ 0>Efloll ti^^ ^<g^ ^^-^ 

o] 7)1*^1:^ ^^(19) <^>5flS^ ^^jofl ^>;^]sl-^ al^o] J^-a]^ ^ oj^ ^ 

^^•^1 :£ 3^ ^^^Mi^ tIIoIe ^^(9. 19)^ 7\]o]b. ^o] >^;^o] ^sj] 

^o], l02fe 1014 ri}^7}^]S. ^]M^ 
<3. ^13 ^^1 ^Bfl> 

:£ 14^ ^13 €^1 ^Eflo^ HVH^ ^^S.olt%. 1030. 

<^^(3, 13)0] «13.(8, 18) <5l-2fl^ TllojE 

^^oll, TflolE ^^(9. 19)^ TllolS ^9^^(7, 17)^ A>ol 
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til^(8, 18)^1 M-S-^Ml ^^Mfe ^ Stb, ^J: 

£ M^ll *^^(5, 15)-i: rt-^i • :^5llol ^^(3) 

i3)o] raiT^ i4^:£^ ^^^^ ^ ^ji, ii^<^i 

^ ^^1^ ^ ^4. ^. losofl^ife M.^ ^^^-^s. 10131}- -^-^^ 

103^ ^ISSl-^^ »ll ^A] ^Eflo^ ttj-i^o)l ^o^A-l, s. 4^H^ ^ 

58)# o]-g.s:|.;<l TllolE ^^(9, 19)^ ^Hl^lS. §>c:^ n^^ ^^^^ 

dt^-^ell^ *^^(3, 13)<^1 ^^^^c].. <^]^, wl-^^^Mlfe 
ti]^^^ ^A>7> ol-g-^x:].. 12 ^3z)., =^o^ ^ofl ig-o^^] ^^^Ife ^Ai- 

^ ^^]^ <=g^(3, 13)^ €9!^H54 , 55)^ ^-^-^ ^S. 

^ o] 50keV~100keV^ 2iA> 0)1^1^1, 2x lO^^cm'^-SX lO^W^I 

^ «>^^sT-7llfe £^ BFal- 20keV~60keVS] SA> oiju};^], 2 

28 



=L^, m -M^l ^Efl^ D]-^7H^, ^^(10, 20) ^ =e)l 

-?! ^^(11. 21)^ 1030] ^^^^cf. a, S?J! <^^(5. 15) ^ 

<^«(3, 13)^ ^^^§>7l z]- ^oj^ €^^54, 

55)# ^^^^ ^oil ^s>^ cfl^. H ^<:>11 7>^«>tq-. 

<4. ^14 -€^1 ^Efl> 

:£ 16^ ^14 ^^1 ^Efl^ ;3.^lo^ ^^:£o]u^.. o] 104^ 

til3.(8, 18)7> 7lJ&(i)^ ofefl^o.^ ^^^^ 5*^1, ^ 7]:^ 

(l)S. 7}^^o} ^o]7}^ ^o](o]t}^ r>.i3^(sink) i2<^lj ^ #)7> ^rffe ^oflA-l 

lOOnm ^£<^1JL, =1 ^ ^«>tl 50nm7> -gH. ?Jo]^ ^r^. ^13. :2iol7> 3.^, ^p.] 
^^7]- ^o:|M-7l ^cf^ ^c]]A^ ^c^.. ^^l(104)oflAife tH^ til3.(8, 

cflAiofl :£ 170^ ^^o] ^^^uf. :£ 170] ^^oii^i^ ^^^(51, 52)^ 

#^^1 ^2^7> ^Bfl^cf. ojnfl, ^£7> 6001C~950°C^ 2:^ 
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^, ^^Hl SX^^^ ^11-8-51^ ^^<A] altfl r^s. sHl^i ^^^A 

M ^-§- 2#^5l i!]-;^ ^ofl/.-^ 4^ ;^lia1]2jo] ^t\, 

ZL ;iJif, wVjs^l ^l^arCi) %^o\] ^13.(8, 18)^ ^^3.% ^^1^1-^ 

A|, TllolM ^^(9, 19) wl3.(8, 18)^ ^'S'^'l ^tfl^ 

o]^ ^^1 104^ lOloll ti]^ c>:^ei ^7>Sl-X| ^ 

<5. ^15 ^Bj|> 

£ 18^ ^15 ^^1 ^Efl^i ti>:£^ ^^1^ ^1 ^^1 105^ 

til 3.(8. 18)^ ti>^ <^>el]<^l ^^l^rVfe 71:^(1) , ^ 

^^i.J^sll^ '^^(S, 13)^ ^T-^<>fl €4i ^^(25, 26)^1 ^^^.^S ^^^5) 

o1 ^1^^ ^<^1 ^'^^i, ^^1 102S^^ ^^^^S. x^fscf. ^, i^^ 
(25, 26)<^1 tila.(8, 18)^ gJl ^1^. 

nD^oj], til 3(8, 18)^ ?loi7> ^711 ^^IslJl, ^^1 104^ n> 

^^l^z^ofl rfl^ v)l>^^<^l ^^>^i:l-. at!:, 711^1 E ^<?a^(7, 17)^ <i>2fl 

oil ^^^4. 18ofl^ 4i^-:BiS]lol <^^(3, 13)<^1 ^^1 102^21- t.>^7>^l^ 
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o]A\, S. 32] -g-^ ^ofl £ 19 ^ £ 20^1 ^^sl-Jl, :£ 5 '^]^}^ ^ 

^^SV^ #4. £ 19^ TljolM ^^(9, 19)^ ^Vi^l^l^A-l ol-g- 

Sl-^-^i, €(2, 12) ^-S-^ofl ^^7> ^^^o.^ ^ :£ 

^ ^^(25, 26)^1 ^^^^t:!-. ^a^^ <^1# 10keV~30keV:2l SA> oj] 

vix], lxi0"'cm''~20xl0'W2^ ^<^^^S. ^n^^. 

^<^1, ^^1 105^ ^^1 102, lOlofl al«fl ^^tb -^-^ 
<6. ^16 ^E||> 

S- 21^ ^16 ^^1 ^Bflo] ^S.^ ^^1^ ^^1 106^ 

^^(3. 13) ^^^H54. 55)^ ^]7]^ c-floflcf z]- ^-^^^ ^oj 

^jo^^ ^A^£)ol oj^rffe ^6\] ^o^^i, 1014^ ^^i^o.^ £ 2 
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9 • • 

^^^^ ^^^(54, 55)0] ^Bfl^o.^ ^171^4. 

£ 23<^1 3^^m ^'^'l, €^(9, 19)^ ^Hl^S-A-l ol-g-s:l-^Ai 

•a, wl^ €(2, 12) ^.S-^oil ^^^-^S ^<g^o.^«l, 

^^^(4, 14)^^1 *^^(4, 14)ol €91^(54, 55)^ 

£ 24<^1 7|1<^1M ^^(9, 19)^ ^1-3^1 ^mAi oj-g-^l-^Ai ^ 

^ €(2, 12) ^-S-^<^1 ^^^-5.5. ^^^^S^, <^ 

^(5, 15)<^1 ^^^^cf. o]nfl, <^^(5, 15)^1 ^^(4, 14)* 

£ 25^ ^, S. ^^^^ 7l^o.s>«1, TflojE 

^^^(9, 19)^ A>olH€(57, 58)^1 zi-z]- ^-§-^1. 26<^1 £ 

taVfif :y-o] TflolE ;^^(9, 19)3z]- a]-o-|^^(57, 58)* ^Hl^S^i «^l-§-§>^^i 

1:^#* ^<U^o^S.^, €(2, 12)^ ^^-^^l • :^eim "^S^O, 

13)<^1 ^^J^r^-. n^, ib^-JE-eflol <^^(3, 13)^ ^1-^<^1 €^ 

(10", 2o)"m "^^Tii; 2i)"<sr ^^w;"^" ^"^v ST 21011- iE.A]^^^ 
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<^^^ ^^V ^<?iol ^o^^H54, 55)^ ^^l^^^b i:^l<^l^i ^ 

lr^#^ 71:^(1)0.^0] :£o^o] ^oc|n|.(54^ 55)01] ^> 

^l^fe ^ a# #711 ^«fl^i=l-. tt^e]-^i. ^^<^1 SA> 
^^^4 ^^l-^Hl, ^IS A]:?]:* ^ ^o] ^IS ^g-i^S] ^1-S^7> 3.5fl^ 

5ll'?l ^^(3. 13)0114 <^^(4, 14)^ ^o]^^ "^^l^l-Ji, :e.i:l- ^7)] 
^o] ^ol^c]-. 

5E, £ 22^ tfl^ :£ 27^ ^^«fl:£ £ 27^ ^^oUa] 

fe. ^^^(54, 55)^ 7l4@:(l)2l -^i-^o] }^%^ x^tp}^] ^]7]^:^] ^JL, ^ 

o. Bi-o.^Al 01 ^Tl^rl-. ^, £ 27^ ^^<^l^i^ -^^^ ^'a^K54 . 55) 

o] ^^a] ^i-^^sj-^ €<?a^^(54, 55)^ ^ ^-^(10, 11. 20. 21) 

^^]^1» 1-^, £ 4^ ^^<>lMi ^^^^^ ^9^^(54, 55)^ ^^m, <^1» 
1-^ lOOnmolJl, £ 22^ ^^<>lMife o] :^^^l7> 0^] ^ nfl^?}^] ^o^b1-(54, 55)2] 
^^^01 ^]7]7} ^«11^1JL, S. 275] ^;^oi]A-]^ ^^1^ 300nm o]§]-77>;=^l 

i^^ofl, £^ -g-^ ol5]Sl ^oflA-l ^ ^^(10, 11, 20. 21) 

oil ^^5lo]o> ^ 4ii.:=5lloi ^^(3. 13)0] ^^^o]v| ^o\] ^<^sl 
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(3, 13)^1 Si^H^i^ ^^^^ :£-2-^>^ ^^1 7>^«il^4. 

<7. ^17 ^^> 

H 28 ^ :£ 29fe ;*117 €^1 ^^1^ ^la o] ^ 

107^ £ 213\- si- Til a^l^S-S. £^1^ ^3^^^!-. 

^}3^]^(61)7> ^>^^^t:1-. ^^<^], p^}nmQl)^ ^1^1^ ^-^(19) ^^^^] 

<^^<^l>^i^ ^^^(55)<^1 ^^^-^S ^1;^^ -^1- 
EflS.. l-^-l-^ ^^^IJI. ^ <=g^(4, 14)*^! 

^^(3, 13)<^1 ^^^€1^. =L^, ^^(3,1 3)oll ^ ^^(10, 

11, 20, 21)0] ^^^o.^^ 1070] ^^^^rf. 

^^i^ ^7iJi, M-tH^^i ai;^Hi cflsfl^i^ ;«ii7i^ ^tfls, 4x:±i-:b511^ '^^(S, 13) 
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<^1# 1:^ ^^1 1070] DRAMojji, JL^^ ^:>^} H7> n\]s.^ ^^6\] ^^}^ MOS S^^l 
li)-. D)ia.ei ^oi] MOS a^^-jE-SHo] <^^5^ ^<goi] 7ioi 

* ^fe ^^1 ^1-^3! Sl-t:!-. 

7} ^^^^4. 4-§-°11, ^l-i^l^(63)i5l- TflolJE ^^(19) ^^^^] ^<^^ 

(55) ^^^-^^ ^l7^-^^:^-. 

n^, £ 3H wl-«2f ^o], ^^^^ ^"a^l ^«fl^l31, ZL ^4 

^ *=g^(5, 15) ^ 9§^(3. 13)<^1 n^, db^ • B)] 
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<?I^^(3, 13)ofl ^ ^^(10, 11, 20, 21)0] 107O] ^-^^^trf. 

<8. ;^18 -€^1 

£ 32^ ^18 ^^1 ^£^1 ^^1^ <5l 108^ 

sl-M-^l :t;=^>^ ^■1^'^- "^^(13)^ ^i-^<^l ^1^(18)21 

^o.^ 4 = ^-. ::i<Hl ttj-el-, • :B511<?1 *^^(13)^ ^-l^S. ^13.(18)^ 

108^ ;^1S§>^^ ^^-1 ^^^<^] Si^^^i, S 6^71-^1 

^ ^^^1 ^'^l :£ 33^1 ^^^1 ^^-a^. i£ 33^ ^^<^l><«i^ ^^-1 S. 6 

^<^1. <^l«tJ-^^ <^1^^ ^Hl^(65)i2f TflolE .^^(19) ^cf ^ 
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CHI si ol-g-^M -g-^^l^Ml 7>^^rf. ^#(29)^ H 

til3.(18)^ ^^17> ^ lOOnm^ ^ ^#(29)21 ^ SOnm ^, 

-Mel^#(29)^ ^el^f^olo]:^ #^1^, TflS-nV^om ZL oj^o^ 

r:|-^ofl, :£ 35ofl ^X\^ w>fif ^Vo] , ;^]o]m ^^(9, 19)4- ^V^^l^m^-I ol-g- 
^^^i Jl^S.^ ^^^o.^'H, €(2, 12) ^l-i^<^1 • ^s{l<?I 

(3, 13)<^1 ^^^-^S ^^^^cf. olnfl, s. 851 ^^3}- u>^7>;<lS., a]-o]:e.^(57, 
58)* ^^^n o]^^ ^>i^l^S.Ai ol^«(|£ ^t].. a, <^^(4, 14) ^ 

3.^ -^^(S. 15)* #^#5] ^<a* dl^^.JBBflol <g^(3, 13)4 

^}^7}^]S. ^SlS-#(29)^ ^<^1 ^sl-fe 7>^*>^. 

«^^(13)<^1 ^Sl^^(29)5] ^^^loil ^i-^^l-^ ^>S-^l=jOS. AlaE§].o^ 

^Hl^^(29)* 21#^ ^oil ^tfl^l7l nfl^^l, 

^#(29)^1 ^^1- LSI <^«oflA-1^ ^i^.^Bllol <^^(13)^ 7\]o]E. 

^^^(17)^1 S]-^* 7l§0.s S|-a1 ^51 ^#(29)^^ ^711 ^^^^4. ^ 
Bl^#(29)^ «^^(13)5] ^-f-s. ^1=1-. 
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H^. <^«(13)o.^ ^ ^^(10, 11, 20. 21)o] ^#^0.^^, 

^^1 108^1 ^]^^ ^^1, ^11 ^^1 

-f-7>^o.s.^ ^^]>;3ofl rfl^ ifl^^^o] -f^^ ^^1(108)* ^ISSm 

M-Bl-^^m, S.^ ^^Hl tfl«il ^el^^(29)^ ^^^^1-^ ^S. 7}^^-jL, 

=1^^] s.^ 4i^Hi ^^1^^ ^^^^ ^^^-^ 7}^n^v^. 

<9. ^19 ^Efl> 

36-& m ^^1 ^^1^ ^^Ui09)fe 

<a^^ ai;=^>^ ^-l^<a- 4i:±i':Bell^ <^<^(i3)^ -g-^ofl ^51a>c1:c^(3o) 

01= f^(30)^ ^«fl • «:|^(13)3)- ^ ^^(20. 21)<^1 ^^^V^L ^cf. 

o] nfl^ofl, dt^i-^ell^ <:§^(13)5!f ^ ^^(20. 21)^ 
Jl, n ;i4 ^-^ ^ ^£7> ^<^>^x:f. 7)1 ol^ ^^(9, 19) 

(9, 19)^ ^-l^^] 7.]^^^ ^§-3]- *j:^1-o]l 
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#Bl^sl^f^(31, 32)sl -^>^ ^ofl w, Ti, Co, Ni, Pt -^^ 5Efe 
j^^A-l ^f-s]-^ ^e]A>ol:c7} IZ#5l ^^^Ife, cll* lOnm 

^(1) ^ #S|^2l^f^(31, 32)^ A>oloi]A-] ^s)A>ol = 5j. av-g-c] -aom-Til ^gcf. 

o]B. ^(30)0] £l^3^lJ7, #el^El^f^(31, 32) ^<^1 t]-^ ^^X\.o]^^(33, 34)0] 

ZL^, £ 35^ ^^34 T2}^7}^]s., IS^I-JI, rt-b . 

■^^(3, 13)# ^^^^ ^oll cg^(3, 13)ofl ^ ^^(10, 11, 20. 21) 

# ^^^o.^^ 10971- ^A^^cf. 4i^.:bs11o1 <g^(l3)^ ^^A\o]^^ 

(30)^ ^ ^^(20. 21)<^1 ^^^t:!-. £, ^^^(4, 14), <^^(5, 

15) ^ ^>i-:^ellol <^^(3. 13)^ ^^^sr>7l 1-^^^ S-g^fe €sl 

A>ol:cf.(30)ol ^A^:g :^o|l ^^s>^ t^s. 7l-^S>i:l-. 

cl>a-3z}. ^Vo], ^Hfl^ ;^1^ wj-^ofl tiling ^Vrj.^ ^7>^o11 

o^Sll -^^l-o^ Jl^A^ol m§] o.>j.^ ^J-^l(109)« ^o] 7}^^t:^. o]^o^ 

^Ife ^^1- H7> S-A^^ S.§] Sl-^ ^;^].^ 

t«fl, «^1# ^^1 1097> DRAMolJl, Jl^'y- H7} DflS-S] ^ofl ^S}-^ MOS m 
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m 



^t^. '^<^] ^^^^ ^^1, i^lS-Sl ^oil MOS M?3^1-^iBl61]A-i^ ^ 

^12: ^^^^ ^^^}?\] 

<io. ^Uo €^1 

£ 38^ ^110 ^^1 ^Bfloj ^^jo^ ^^1 110^ 

2lA>o]^f^(36)ol Sla^S>31 ^t:ffe ^"^l-^i, ^^1 1013^-^ ^^i^^S. =1 
^JL, o] ^e^A>oi^f.(36)^ <^^(13)3zl- ^ ^^(20. 21)^1 ^ 

^^}JL TflojE ^^(9, 19)^lfe ^^1 109^ tj}.^7>;^lS ^SlA>o]jE.f^ 

(37, 38)<^1 %^^^o] 

«fl^<^l, ^^1 1095f D].^7>;^1^ ^^i-J^ell^ <^^(13)3)- ^ ^^(20, 
21)0] x-i^j-^ ::l ^ ^:£7> ^<i>^cf. be 

¥, ~W^^^^(9 r 19)^~ si Apl H.'^(337--34pr nn^^^r^ ^^" 9X 

4. oi^£ 7flo]E ^^(9, 19)^ ^7] ^S.^ «j:^Oll 
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(1)^^ ##sr>^ .f:.>X|-ol37> ^^g^}^ -go] oj^c^.^ ^ o] ;^ 9X^]^, ^ 

sltbi^. itl-^Ai, . <^^(l3)ol ^e|^#(35)^ ^n<^] ^^^^7]] ^tI] 

^ ^^<^1 ^ofl 39^ ^^ol ^^^4. ^ 39 7llAl ^oi]^ Tflol 

S ^^(9, 19)j^S.Ai *2l^Bl^*(31, 32)o] 2^z^ ^t^. £ 39^ 

<^1>H^ ^^-1 ^-l^'S- "^g^^l-H^ 7l3g:(i)o] i-^^^i-oi] 

(35) 

^Sl^#(35)^ S]^oi]^ £ 340] ^TgjTj. p].^7>^lS oil^l^^ 
o]^^ ^ o;iT:f. ^el^^(35)^ a]^ tim(18)5l ^7^)7} ^ lOOnm^ nflol], 
50nm ^5-^ ^^^jS. Sl^^q.. n^, #51^21^^(31. 32)^ ^Hl^lS. 

^H, ^2l^#(35)^ ^^i.:^5llol cg^(i3)o^ o^^^ :^x:^_ ;^|o]e 
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^ ^^^^^^31, 32)51 ^1-^ ^ofl w, Ti, Co, Ni, Pt Sfe Hl:^ 

<^m^ SE^ ^elA>o] = s>|., ^el^^(35) ^ #s1^5l^#(31, 32) A]-^l<^lAi 

^elA>o]:^^ tiiV-§-o] <go:iu|-7fl ^T^. -^l^, ^e1^f^(35)5l ^^1 

A>oi:c^(36)o] s\^^JL, ^^^^^^isi, 32) ^^1 t^-e- ^51^1-01:^^.(37, sg) 

^1 Sl^^t:!-. 

^^J- ^^(4, 14) ^ *^^(5, 15)^ ^^^*|-7l ^^-i-^ 

^>fe ^^ll*?! '^^(S. 13)^1- x,}^7}:^]S. ^51^^(35)51 ^<^1 ^ 

Sl-fe ^£ 7>^^l-i:l-. SEfe, 011-51 ^elA>ol = f.(36)ol ^a^:^ ^ofl 

^ ^£ 7>^S>t:l-. >.ixl-ol35l c^^}-^ ^^My] ^n, ^^^-J^ell^ 

(3, 13)^ ^^^§1-71 41ti: 1:^#51 J^oj^ ^#(35)51 ^ofl ^^.^ ^s. 

ZL^, -^2l^#(35)^W 4i^.=Bll^ '^^(3, 13)<^1 ^ ^^(10. 

11, 20, 21)# ^^^^S-^l ^^1 110*^1 <^^(13)^ ^B] 

AH:^f.(36)^ ^ ^^(20. 21)-^^ ^^1 
51 ;^12: «^^o11 tiling ^7>^ o.^^ , ^-^ Bla.^ ^^IsV^^l ^^i 

-^=.-^-^^-^--g.g|.-6i -j^^ 
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^^1-*^ ^, 1:^ ^^1 llO^^l DRAM'^lJl, 31^"^ H7]- oflS-B] ^<^1 ^ 

S)-^ MOS S^^l^Bloji^, lo] ^^ofl ^§1-^ MOS :e^;;^l^B]ol 

<ii. ^^«^1> 

(1) ^^<^l^ife 71:^(1)0]] ^^^£1^ 4i^>7> MOS 

Bl<?l oil* ^11 ^M^. ^sm-, MOS M^^l^B|oll tfl«fl^i:£ rj}^7}^]S. ^^i^} 

(2) <^1^>^ ^^ofl^i^ 7l:^(l)oll ^^^S)^ ^^]-7> MOS -^^^1 
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(3) ^1^^ ^^oll^ife ^ ^^(10. 11. 20, 21)<^1, Tll^^lM ^^(9. 

19)<^1 tfl-t^l-^ ^^^1 71:^(1) ^^^oll M-Bl-^^l^V, ^ 

laVjcA] ol^q. ^o. ^A^ofl <=^1* 1"^, IGBT ^. ^ 

^-¥-7> 7l:sa:(l) <i>5flSl ^^igofl TljolE^o^ ^ 

6)1 3.t^, o] nfl^oll, ;H11^^ 4i^>* ^^^fe 4i^>^Ai 

Ol-g-§}j7, ^12^^ d^T^i ^^^^O] ^i^^fe ri^l-S-A-l o]-g-^O.^Ml, -i-aj-Sl- 
^ <?}:^a] O.^ ^^t: ^ 9X^. CIt^M-, ^11 ^ ^12^^ A}olollAi 7|lo]E 

^oi7> r^-STii £]oi c^7] «!«]:-§- ^Bl^Hl ula.^ ^A^ol2l-j7 

^^1^ <^l-§-§><^ -g-'^mTll Cl-STll ^ ^ Si 

rf. ^, o] ^51 -g-ol§>7fl 7>^Sl-rf. 
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» ^M1S>71 nfl^oll, ^12^51 ai^>o^ ^^1 '1^7> c-l^ Jlif^^o.^ ^^ll^x:!-. 
^^'^l ^l**:*! ^^^^ «1^7> 7>e}B^o> #o1:?}-x:fji ^ 

7l^o.S. ^ >H12 «>£^ ^o]^ zL^^ aj-Tfl ^^l^l-fe 

^17 ^^loil^ife ^ ^^<=>1 ^12 <=§^<^1 

o.s.^, ^^o^ ^oi£ 'S^^^i MOS :^^xi>xt|7l- ^Hlsjo^ ^tzf. 

Hi: A>o-|o^ ;^-]-sj-ol ^^^iJl, n ^jif ^ ^5.7> 

tiVH^ ^711 «M ^JI, ^«^>^ Sl^ ^12 «}:3^^1 ^^<^1 ^5.^1 
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^18 ^j-^l<^l^i^ 7ll<^lM tilrS^l 7l^oil u]^ <l«l:-§-<^l tfl^!: tfl 

A^o] ^o. ^^^^ ^^^^ ^^^B|o1 o;i7l nfl^ol], £^A^ ^o>^^ JL^§>^1 

^19 ^12: ^o^^<^l^ife 27l]^ A>oHlAi TllolS ^o]^ i:fH.7ll S> 

^ ^2fl ^^1^ ^^-S- li^-^^'^ TllolE ^-^^ wvs. 6>efl«^l 

^^^I7l7l nfl^ofl, TflolJE ^c^^ ^d\]A^ ^^^-^ ^^o] ^Msl-fe 27fl^ 

^111 ^12: '§-^<^l-«>ife Til 01 E ^>3^1^1S.7.i o]^^c^ 

^^o.^'^, B]^ B]3.^ ^^-^ ^12 «>£^ "^^^l ^, 

^112 ^12: «j-'^<^lAi^ ^125-'^1 TflojE ^^^v a] 
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5)^ ^12 ^^^o] ZLnVs. ^o].^t:]-. ZL ^4, ^^1^ ^^1^^ ifl^^^ 

vfl^^^o] o.^*V ^^171- ^^^^X^. 

^ ^ofl, ^12 '^^^ ^^^^7] ^^^^ i^o] ^^^rf. o] 

-fn^^^ ^^l7> ^^^-^4. t^-ln^M-, ^12 
^^^^ ^^4. 

^116 ^IS «^^<^lAife ^^^'-^ ^^^^^ ^^°] ^ ^12^ 
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Aife ^12 «>£^1 '^^^ ^^1^^ ^^^'^l 

^^^IL, T^Er ^6\] ^O^A-i^ ^7] nfl^cH], ^<§o] ^Jl 

^117 ^11 ^ ^12^ %i=^<^l ^<^^i, ^9^^^^ 

^711 ^^l^>^>-i , ?\]^7} ^^1 ^«fl^i ^^1^^ ^^^^ 

^12 «>£^ ^tb S'S'^l *S«fl^^. °fl^<=Hl, ^12 «> 

^^rf. ^, ;^16 ^^11- -8-'^l§Hl ^ 91^. 

^^^1-^ 71:^^ ^c;\] ^^-i-^*^! ^^^^JI. ^ 
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[^^^ 1] 

4^0^ ^^}7} 7]^6\] ^^c^^ ^J:^^ ^^Hl 9l<>\^^, 

^^^<^i>«>i ^^^^s. ^7] 7]s^c>\] ^^^^o] 

»ll <^«ol ^ ^ofl tifl^l^ TflolM ^o^n^; 

50 



^nv«.(jp:,g^)oi ^^vo^ ala.(Bird's Beak)» ^JL ^Jl, 

^7] 711 ofeflo^ ^^7] ^o\]A^ ^V7l tt^^ n]3.7} 

$Z<^-^i, -^7] til^o] ^71 ^12^«^1 si<>1>^i 100%<?1 ^^1^^ ^> 

(b) ^1-71 ^^^^ ^^^^^ 

(d) ^7] ^iTll- ^7] ^J^^-ir ^ 

^^c]] TflolM ^-^^^V^l, ?\M7} ZLnfloll Z]- ^o] ^^-71 4^5] <^ 

^ ;^12^<^1 9X^^^, TllojE ^^o^ Tfloie ^oi7> #71] £l:£^ 

;^l]^5l :^]7]% ^«>fe 



51 



7] ^^2^^]^^ ^7] *i^-§- ^21* 'g'^; 

(f) ^o]^ ^7] (d):at:f£ ^ofl, ^7] 711 ojS ^Hl^l^ ^-^S 

<y^O.S.^, ^T-71 Z^-Z^-oll 4^71 711 olM '^>2fl<^Mi^ 

^7] PHU «]r:£^ ii#*>fe ^Jl/^M ^^^<^l^i -a^^-o^ 
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